Climate changes imposed differential impacts on Bangladesh in the form of sea level rise, extreme events, and variability, which has enormous economic, environmental and social cost. Such impacts are assorted across the ecosystems of the Southwest, Northwest and Central region of the country. Among the different sectors, agriculture is comparatively more vulnerable to climate change impacts. In order to reduce the climate change induced loss and damage, a series of adaptation options have been being practiced by the people at the local level for many years, but the effectiveness, profitability, and sustainability of such adaptation options are still not too well investigated or understood. From this backdrop, the study intends to identify, prioritize and evaluate the adaptation options in the agriculture of different ecosystems of Bangladesh. It is found that the economic gain of adopting rice prawn farming, replantation of rice, and saline tolerant and short duration rice varieties are much higher than the other adaption options. Through investing $10 in such adaptation options, $22, $4, $2 and $2 net return will be provided, respectively. Unavailability and less affordability are impeding the promotion of some effective adaption options, which require more attention from policy makers, while further research, demonstration and capacity building of the farmers will reduce vulnerability and build resilience.
Introduction
The Intergovernmental Panel on Climate Change (IPCC) pointed out in its Fifth Assessment Report (AR 5) that, compared to the average in the 20th century, average annual temperatures could rise by more than 2˝C over land in most of South Asia by the mid-21st century and exceed 3˝C, and up to 6˝C over high latitudes, by the late 21st century under a high-emissions scenario [1] . Under a low-emissions scenario, average temperatures could rise by less than 2˝C in the 21st century, except at higher latitudes, which could be up to 3˝C warmer. In addition, globally, sea levels raised 1.7˘0.2 mm/yr from 1901 to 2010 as reported in the IPCC AR5, which is unchanged from the value in the IPCC Fourth Assessment Report (AR4) [2] . The report also indicated that the magnitude of sea level rise by the century's end implies significantly increased risks for coastal settlements of South Asia, as well as for coastal economies, cultures and ecosystems. The IPCC 2014 also finds on a global level that climate change could affect food security by the mid-21st century and most of the food insecure countries would continue to be in South Asia. Climate change impacts experiences in Bangladesh through different climate induced hazards. Due to the adverse effect of climate change, Bangladesh is at extreme risk of floods, tropical cyclones, sea level rise, salinity intrusion and drought, which makes it one of the most climate-vulnerable countries in the world [3, 4] . The impacts of these hazards will affect several million in the country in the coming years. By 2100, a 0.71 m rise in global mean sea-level (with respect to 1980-1999 levels), up to 2.1ˆ103 km 2 of Bangladeshi wetlands could be lost, representing up to 25% of the country's present wetland area [5] .
Bangladesh would be the one of most adversely affected countries from climate change and the most damaging effects of climate change are floods, salinity intrusion, climate variability and droughts that are found to drastically distress the crop production each year, bringing a severe shock to the agriculture sector [3] .
Agriculture is the dominant livelihood option across the Southwest, Northwest and Central region of Bangladesh and is the most vulnerable to the increasing frequency and intensity of extreme climate events such as floods, cyclones, storm surges, hailstorms, erratic and heavy rainfall, and salinity intrusion [6] . Climate change has differential impacts on agriculture, fisheries and water sector in these regions of Bangladesh. Climate change and climate variability are affecting the land use patterns, cropping systems, productivity, and optimum agriculture output [7] . They adversely affect the livelihoods, economic activities and environments of these regions, which make them vulnerable compared to other regions of the country [8] . Different forms of adaptation practices such as hard and soft adaptation are carried out around the world to reduce the loss and damage from extreme climate events and climate variability [9] . The viability, suitability and profitability of each adaptation options were not assessed to generate evidence that prove an adaptation option is viable and profitable. An endeavor has been made in this paper to identify and prioritize the adaptation options in the agriculture of different ecosystem and evaluate their appropriateness and effectiveness in terms of lessening climate change impacts from the grass roots level, which will help to generate knowledge and support the ecosystem based policy making in the Bangladesh agriculture sector.
Many adaption options have been practiced from the local to national levels across Bangladesh. Alauddin and Rahman [10] talked about a few adaptation practices such as flood shelters, cyclone shelters and school/college/madrasa building, and coastal and flood embankments in the flood and coastal areas, plinth raising of houses to protect houses and homesteads from the risks of climatic disasters in the coastal and floodplain areas, and tree plantations in the floodplains and drought prone areas around homesteads are the major effective structural adaptation measures of Bangladesh.
In order to cope with the climate change impact and minimize the loss and damage, different adaptation options are being carried out in the agriculture sector of Bangladesh. Floating bed crops/vegetables in the South-central and Southern areas, plant bed raising and dyke cropping at the shrimp gher is an old but effective practice nowadays [11, 12] . Since each adaption option has some costs, this study focuses on the cost effectiveness, economic feasibility and sustainability for the evaluation of existing adaptation options.
Objective of the Study
The overall objective of this study is to evaluate the existing adaptation practices and their economic sustainability in the agriculture sector of Bangladesh in the face of climate change impacts and vulnerability. The specific objectives are:
(1) To identify and prioritize the existing adaptation practices in the agriculture of different ecosystems of Bangladesh;
(2) To assess the effectiveness of each adaptation option to minimize loss and damage in addition to negative externality of such adaptation measures; (3) To evaluate the economic viability of prioritized adaptation options; (4) To define the most sustainable adaptation option for the agriculture in the face of climate change impacts.
Study Areas
The threats and impacts of climate change are multifaceted, multi-dimensional and multi-sectoral in Bangladesh. Thus, focus is given particularly in three selected districts, which represent three different ecosystems (coastal saline/surge prone areas, drought prone and riverine flood plain areas) in the Southwest, Northwest and Central part of the country. For each of the ecosystems, one case study district has been selected. The study districts are as Table 1 . With 2˝C mean global temperature rise since pre-industrial levels, the combined effects of changes in major river flows, sea level rise (SLR), subsidence and local precipitation and evapotranspiration changes, results in the following impacts in study districts (Figure 1 ): With 2 °C mean global temperature rise since pre-industrial levels, the combined effects of changes in major river flows, sea level rise (SLR), subsidence and local precipitation and evapotranspiration changes, results in the following impacts in study districts ( 
Methodology and Data
The study follows both quantitative and qualitative research methods to evaluate the adaptation options. The field research activities in the study areas considered primary data collection from the field to reflect farmers' perceptions regarding impacts and vulnerabilities in their production system and to identify the existing adaptation options which are being practiced at the local level agriculture. Two main methods were employed: questionnaire surveys and focus group discussions (FGDs). Questionnaire surveys were conducted with randomly selected farmers in the study areas using a semi-structured questionnaire. The sample size was 300 with 100 in each of the study areas. FGDs were carried out to have a greater understanding on climate change impacts and vulnerability in the local level and to validate the adaptation practices that emerged from the questionnaire survey. In total, nine FGDs were conducted with three in each of the study areas.
The existing adaption options in the agriculture sector against the climate change impacts and vulnerabilities that came out from the questionnaire surveys were shortlisted and prioritized based on the opinion of local communities and experts based on their competency to minimize the climate change impacts and economic loss. The shortlisted adaptation options were discussed with stakeholders and experts in a national level consultation workshop. The stakeholders and experts prioritized and ranked adaption options based on some specific criteria. The criteria for prioritization were effectiveness, external effects, availability, accessibility, affordability, and profitability/socio-economic gain. Finally, the prioritized adaptation options have been evaluated through cost benefit analysis, and adaptation decision matrix (ADM). In order to also carry out the cost benefit and economic analysis, data including price of different varieties, chemical and fertilizers, total production cost, loss and damage, and revenue are collected in quantitative form and then cost, benefit and other components are estimated. Finally, the ADM is prepared based on the key findings of each adaptation analysis. Here, ADM is used to evaluate the relative effectiveness and costs of adaptation options as well as providing the economic criterion of policy intervention in the areas of national and regional adaptation planning. Table 2 demonstrates the existing adaptation options against the climate stress in the study area. It appears that floods, droughts, storms/hailstorms, cold waves and salinity intrusion are the major climate stresses across the regions. The stress specific adaptation practices are collected from the questionnaire survey and ratified through FGDs. In the agriculture sector, nearly twenty-five adaption options are found from the study areas against the climate stresses, those are adopted by farmers to minimize the loss and damage. Adaptation practices differ from study area to study area and based on the technical and financial capacity of the farmers. 
Results and Findings

Existing Adaptation Practices in the Agriculture Sector
Adaptation Prioritization and Evaluation
It appears that rainwater harvesting, rice-prawn farming in saline prone areas, short duration rice varieties, desalinization, and saline tolerant rice varieties are the top ranked adaptation options in the agriculture sector of Bangladesh. Afterwards, based on the availability of data and information, saline tolerant rice varieties, rice prawn farming, replantation, short duration rice varieties, usage of extra fertilizers and chemicals are evaluated (Table 3) .
Evaluation of Adopting Saline Tolerant Rice Varieties
The anti-saline or saline tolerant rice varieties are common adaption practices nowadays in the Southwest salinity affected coastal regions of Bangladesh. The price of such a variety is only $1.54 per kg whereas, the price of normal rice varieties is $2.8 per kg. The total cost of cultivating saline tolerant rice varieties is $732.64 per hectare with productivity of 6.08 metric tons. If normal rice is cultivated in the saline prone area, nearly half of the rice production got damaged, which resulted in economic loss of nearly $420 per ha. This is also called cost of inaction. If a saline tolerant rice variety is used instead of a normal variety, that amount of loss may not be faced by the farmers.
It appears in Table 4 that per ha net revenue of adopting a saline tolerant variety is $166. The share of this adaptation cost is only 4% of total production expenditure. The benefit cost ration (BCR) is 1.2 of this adaptation option, which indicates that spending $1 on a saline tolerant rice variety production system gives $1.2 net return. Thus, a saline tolerant variety is a commercially profitable and economically viable adaptation option in the saline prone areas as well as in the Southwest region of Bangladesh.
Although saline tolerant varieties are a good adaptation option for the farmers for higher productivity and economic gain, these seeds are not usually available in the market place. Only the BRAC center provides saline tolerant varieties at the farmer level in the Southwest region. Thus, supply chain development along with ensuring availability and accessibility can boost the cultivation practice of this variety as an adaption option. 
Evaluation of Rice-Prawn Farming
Rice prawn farming is a widely practiced adaption option against flood and salinity in the Southwest region. In the same unit of land, a canal is excavated surrounding the rice field to cultivate the prawn, and the rest of the areas are used for rice cultivation. The rain water can also be stored in the canal and used for irrigation purposes later. The total cost of producing rice-prawn in a hectare of land overall is $793.7 is required. If rice-prawn farming is not practiced in the flood and saline prone areas, nearly 18% of production is lost from per ha of land, which incurs total economic loss of $232. Integrating rice-prawn farming can effectively compensate the loss and generate net revenue of $1,739 per ha for the farmers. Table 5 demonstrates the average productivity of rice-prawn farming is 10.93 M. ton, which is notably higher than any kind of rice cultivation in Bangladesh. The BCR of such adaption options is 3.2. This signifies that single dollar spending on rice-prawn farming as an adaptation option can provide more than triple times the financial benefit to the farmers.
As an adaptation option, rice-prawn farming offers more benefits to society as a whole. It helps to decrease the seasonal food shortage from the saline and flood prone areas. Since it is more profitable than rice farming, the economic status as well as the well-being of the farmer increases. Simultaneously, rice-prawn farming also can contribute to the prawn export earnings for Bangladesh. Some problems are also involved with this adaptation option. The juvenile prawn is not available all of the time. Thus, it needs to be collected from other regions such as Noakhali and Barishal. There is also a question of quality juvenile prawn. Hence, emphasis needs to be given to extensively produce the juvenile prawn locally to diminish the seasonal crisis and ensure the quality. Some institutional support may be useful in this regard. 
Evaluation of Replantation
Due to extreme climate events such as storms/hailstorms, juvenile crops got damaged and no output can be obtained from this damaged crop. In this case, farmers replant the crop to get the production and reduce the financial loss. Table 6 represents the gain and loss of replanting rice and jute as an adaptation option. If farmers do not plant the crop again after damaging the juvenile crops, full production gets lost and farmers face economic loss worth $890.7 per ha for rice and $1,079.43 for jute. The estimation shows that the total cost of replantation for rice is $636.23 and the net gain is $255 per ha, whereas jute requires $952.44 replantation cost per ha and generates a net gain of $127. It appears that BCR for jute and rice are 1.13 and 1.4, respectively. Due to higher cost of replantation, the BCR of jute is relatively lower than rice. Replantation can be possible if extreme events occur within 30-45 days of crop plantation. When farmers tend to plant the crop again, they face a seed crisis due to unavailability of seeds in the marketplace. After extreme events, very few people receive agricultural inputs such as seeds, fertilizer, etc. free from the Government. It is reported that when farmers go for replantation following extreme events, productivity of such crops go down due to loss in soil fertility and weather change. Hence, optimum production cannot be attained.
Evaluation of Adopting Short Duration Rice Varieties
In order to protect the crops from flood, storms/hailstorms, droughts and cold temperatures, farmers use short duration varieties as an adaptation option. The cropping life of such rice varieties is usually 20-25 days less than the regular varieties. Table 7 shows that, per ha, the cost of short duration rice varieties is only $9.77, which is only 1% of total production cost. The total production cost of short duration rice varieties is close to $1,016 per ha, and it generates net revenue of $171.7 to the farmers. It is found in the estimation that BCR of short duration rice varieties is 1.2, meaning that spending one dollar on such an adaption choice provides a return of $1.2. Alternatively, every $5 spending on this adaptation measure can generate $1 net profit. Thus, this adaption option is profitable and economically feasible. Although the price of short duration rice varieties is very low compared to other rice varieties, it requires more agricultural inputs such as chemicals, fertilizers, pesticides and insecticides. This increases the cost of production and reduces the net revenue per ha. Short duration rice varieties saves 70% production loss from extreme climate events.
Evaluation of Applying Extra Chemicals and Fertilizer to Face a Cold Spell
In winter season, when a cold spell occurs, it injures the crop and shrinks the production level. Consequently, optimum production is not achieved from the farmland. Hence, in order to protect the crops from cold spells, farmers extensively use chemicals and fertilizer in the field. Table 8 shows that per ha cost of using additional chemicals and fertilizer is nearly $38, which is 4.29% of total production cost. This adaption option can save 50% production loss per ha. If additional chemicals and fertilizer are not applied in the soil, $443 worth of wheat production is missed from the land. Moreover, the cost of additional chemicals and fertilizer amplifies the production cost and trims down the net benefit. The BCR of this adaption option is found to be relatively marginal, which is only 1.1, meaning that per dollar spending on this cultivation method gives a return of $1.1. In other words, every $10 of spending on this farming technique can provide $1 net benefit to the farmers. Furthermore, using more chemicals and fertilizer is not a sustainable adaptation option. It increases the green house's gas emission, adversely affects the environmental health and also largely contributes to the land degradation. 
Adaptation Decision Matrix (ADM)
The economic feasibility and technical viability of a series of adaption options can be obtained from the ADM. Both quantitative and qualitative sets of relevant information of a particular adaptation choice can be analyzed and compared through the ADM for meticulous review and in order to make decisions. It is evident from Table 9 that per ha cost of rice prawn farming, net return and BCR are much higher compared to other adaptation options. No notable shortcomings are found for this adaptation option. The only problem is found that juvenile prawn is not available during the extreme event, which hinders the local level adaptation decision. Thus, among the adaption options, rice prawn farming can be suggested as a most favorable adaptation option. After that, replantation of rice crops and using saline tolerant varieties are also found to be economically feasible and commercially profitable ( Table 9 ). Extensive research should be carried out to develop saline tolerant varieties to reduce chemicals and fertilizer requirements, and it should be available in the marketplace. Although, the agriculture of coastal-saline and surge prone ecosystems are found to be more vulnerable to salinity intrusion and storms, BCR and net return are found to be much higher in those ecosystems compared to the drought prone and riverine floodplain ecosystems. 
Conclusions and Recommendations
It is evident that climate change adaptation practices have some costs and also fuel the cost of production in the agriculture sector, which may not be always affordable to the poor and marginal farmers of Bangladesh and other climate vulnerable lesser-developed and smaller island countries of the world. Though farmers of Bangladesh have made very insignificant contribution to causing climate change; however, they are experiencing multiple and compounded climate stresses, variability and climate induced natural disasters in the agriculture sector as well as other sectors of the economy. Here, the agriculture sector is more susceptible because of small scale farming systems, low capacity/capital of farmers, weak technical efficiency, lack of large scale investment and presence of paradoxes of bumper harvest. The findings of this study can be used for calling out for other countries with similar climate change impacts, but, in such cases, adaptation options are suggested to evaluate economically as a prerequisite. Finally, to promote adaptations in agriculture and increase the sectoral productivity and reduce climate induced loss and damage under different ecosystems, following the steps below will be helpful for Bangladesh and other countries with similar context:
(1) Mainstreaming climate change adaptation in national levels through sustainable development policies and strategies are suggested for fostering ecosystem based adaptation.
(2) Building partnerships with local and international organizations for the implementation of regional agriculture development programs and integrating adaption plants with it.
(3) Developing effective community based and participatory early warning systems and early action steps to reduce loss and damage.
(4) Strengthening financial instruments (e.g., climate risk insurance, climate change adaptation clearing houses, soft loans for poor and marginal farmers) for climate change adaptation.
(5) Building capacity (institutional governance, infrastructure and human resources) and raising awareness to increase understanding of climate change in the agriculture sector.
(6) Carrying out more research to generate evidence based knowledge in the ecosystem based agricultural adaptations.
(7) Promoting and availing ecosystem based adaption options in the least costly way. (8) Defining extreme event induced critical moments to reduce the severity of loss and damage. (9) Promoting juvenile prawn farming in the local level to ensure the availability in the adaptation period.
(10) Ensuring the availability of agriculture input such as saline and drought prone varieties, chemical and fertilizer in the marketplace during critical climate moments and adaptation period as well. So that, farmers can adapt quickly and effectively.
(11) Carrying out extensive research to improve the Short duration and saline tolerant rice variety. So that requirement of using extra fertilizer and chemical will be reduced. As a result overall cost of production, and land and environmental degradation will be declined.
(12) Making the agriculture inputs such as saline and drought prone variety, chemical and fertilizer affordable and accessible in the marketplace. So that farmers can take the adaption decision fastly during the critical moments. Arrangement of soft loan can be effective such case.
(13) Intensifying the assessment of disaster risk, preparation and implementation of preparedness, responses and recovery plans.
Thus, in order to enhance the adaptive capacity and resilience building mentioned above, national level policy support is required in the agriculture sector. As per the IPCC's predictions, future impacts of climate change will be more devastating in Bangladesh as well as in other low lying small island nations. Thus, the study calls for national level support in ecosystem based adaptations. Otherwise, in the future, farmers will not be encouraged to invest in adaptations during climate induced critical moments. Moreover, a mix of actions coordinated at international, national and regional levels would also be required to build resilience and reduce vulnerability in the agriculture sector of Bangladesh. Technological advancement can reduce the climate change impacts more effectively and build robust resilience in the agriculture sector. Invention and promotion of affordable technology and climate resilient farming systems are also required to drastically reduce the loss and damage from the agriculture sector.
